An influence of structural factors and surrounding features on both spectral and enthalpy characteristics of the dissolution and solvation processes and the thermodynamic stability of tetrakis (3,5-di-tert-butylphenyl) 
Introduction
Very often it is difficult to interprete the results obtained for porphyrins, their metal complexes and processes of axial coordination in metalloporphyrins, because the data on specific interaction features between the compounds of this type and solvate molecules are absent. The special emphasis under investigation of the solvation processes is devoted to a correct choice of reference system (porphyrin -"standard" solvent). The main requirement to this system is a solvation of solute only by universal interactions forces. As a rule, benzene or its alkyl derivatives, for instance, a toluene and xylene are used as a "standard" solvent in calorimetric and spectroscopic methods. However, the results of X-ray diffraction and thermogravimetric analysis obtained for the porphyrin crystals which were precipitated from saturated "standard" solvents show that such "standard" is not always "inactive" and in some cases can form stable solvate structures with tetrapyrrole macrocycles. [1] [2] [3] [4] Such behaviour of a "standard" solvent leads to the incorrect estimations of properties, for example, inaccuracy may occur in case of evaluating the metalloporphyrin coordination unsaturation in compliance with the axial coordination enthalpies Δа.с.Нº obtained via thermochemical approach. [5] It seems more desirable to use paraffin hydrocarbons like a "standard" medium surroundings. However, the majority of macrocyclic tetrapyrroles have poor solubility in these solvents. Increase of solubility of porphyrins in nonpolar solvents by introduction of alkyl bulky substituents should not significantly distort [5] the general pattern of "structure -property" relationship. Therefore, here we have selected the tetrakis(3,5-di-tert-butylphenyl) porphine (H 2 P) and its coordination compounds as objects of our work. Due to their high solubility in the media of different nature we were able to use cyclohexane as a reference solvent having universal solvating properties. [6] [7] [8] 
Experimental
The synthesis, methods of purification and the spectral properties ( [7, 9] The crystal samples of metalloporphyrins were dried under low pressure at 353-363 К during 24 h or more up to a moment when the weight of sample was constant. The solvents (pyridine, benzene, chloroform, and cyclohexane) used in experiments were the highly purified commercial products. All the solvents were treated additionally to remove the impurity and a rest of water using the known methods. [10] The water content of the solvent was determined by Karl Fischer titration and did not exceed 0.02 %.
The data of solution enthalpies (ΔsolН 0 ) of H 2 Р and [МР] have been obtained on isoperibolic calorimeter at 298.15 К. It should be noted that there are no data on the enthalpy of crystal lattice and enthalpy of conformational changes, which can appear in transfer of substance from solid to liquid phase. Taking this fact into account to discuss the results obtained in calorimetric experiments we used the values of transfer enthalpy from the reference solvent (cyclohexane) to the studied solvent which were calculated using the following Equation (1): are the changes of enthalpy during dissolution of the compound in the studied and reference solvent, correspondingly. Analysis of coordination properties of [MP] toward electron donating pyridine molecules have been carried out using the enthalpies of axial coordination (Δa.с.Н 0 ) estimated from the Equation (2): The visible spectra of samples have been measured on Specord М 40 spectrophotometer within 350 -700 nm region.
Results and Discussion
The spectral characteristics of Н 2 Р and its coordination compounds with d metals in some organic solvents are presented in Tables 1 and 2 . It is known [11] that there are few main types of porphyrin spectra which are determined by the number and intensity of spectral bands. As it is possible to see from the Tables 1,2 and Figure 1 Н 2 Р has ethio-type of spectrum (Figure 1a ) in all studied solvents. Table 2 . Values (λ, nm) and logarithm of molar absorptivity (lgε) of spectral bands for the complexes of tetrakis(3,5-di-tert-butylphenyl)-porphine with ions of d-metals in organic solvents. 
Solvation of Tetrakis(3,5-di-tert-butylphenyl)porphines
This spectral type is characteric for the most of porphyrin derivatives. [11] [12] Hypsohromic shift (-) of the first band during transfer of Н 2 Р from cyclohexane to the other solvents (Δλ
) is distinctly higher in benzene (-18 nm) in comparison to pyridine and chloroform (-12 nm).
Among the investigated coordination compounds with d metals the complexes of palladium(II), nickel(II), copper(II), cobalt(II), and silver(II) show the spectra of "hypso-type", the complexes of zinc(II), mercury(II), and cadmium(II) show "normal-type", whereas [ ). This leads to conversion of "normal-type" spectrum to "hypso-type" spectrum (Figure 1b,c) and could be caused by a lesser auxo influence on π-system of the chromophore by the metal ions with electronic configuration d 10 as compared to the metals with incomplete 3d sub-shell. We have to remind that ions with configuration (n-1)d 10 ns 0 are able to react with porphyrin ligands only through σ-type coordinating interaction, whereas ions with incomplete (n-1)d sub-shell can coordinate porphyrin ligand by both σ-and ± π-dative interactions. This effect of electronic structure of metal ion is difficult to detect in aromatic (benzene, pyridine) and proton-donating (chloroform) solvents. These difficulties arise from the solvatochromic effects due to the specific solvation interactions what ultimately reflects in changes of the spectral characteristics of compounds. Transfer of complexes from the cyclohexane to the polar solvents with more distinct donor-acceptor properties is accompanied by solvatochromic effect with considerable changes of λ ) shift is an evidence of change in chromophore activity of ligand consisting of coordinating compounds. That is caused by amplification or weakening of polarization of chromophore π-system. In general, we can assume that the reason of the observed changes are the solvation contributions from: 1) π-π-interactions between the aromatic systems of solvent and [МР] (during transfer processes to benzene and pyridine); 2) donoracceptor interactions of [МР] with the molecules of more polar solvents. Note that changes in the absorption spectra of some complexes in pyridine and chloroform in comparison С 6 Н 12 are due to the sum of two main solvation effects:
. When these effects have the same direction there is a rise of chromophore activity of π-system, otherwise it is decreased in the case of different directions of the effects.
It is known [12] that position of the first absorption band in the spectra of the same type of covalent porphyrin complexes varies symbatically with the stability of the complex supposing that the role of inverse dative π-bonds is slight and we can neglect the distorting factor of the ligand structure. In investigated solvents for all complexes [М II Р] the value of the shift of the first absorption band is negative as compared to that of the initial ligand (Δλ I = λ I MР -λ I H 2 P ) ( Table 4 ). For instance, in the case of [PdP] in cyclohexane the Δλ I value will be calculated as 523 -651 = -128. It should be noted that for the calculation we used only the well-defined peaks while the shoulders were ignored. According to the spectral criteria of stability Δλ I in cyclohexane, benzene, and chloroform (the solvents which are not able to solvate a complex-forming atom specifically [13] . That leads to the weakening of effective coordination interactions between metal and porphyrin resulting from the displacement of metal ion out of macrocycle plane.
The obtained data point out that solvation factors have an essential influence on the state of investigated compounds in solutions. Therefore, it was imortant to study the peculiarities of solvation by the solvents of different nature using the dissolution calorimetry.
Hypersolubility of the investigated compounds allows to study the thermochemical characteristics of dissolution and solvation by calorimetric method more thoroughly. adue to that we were succeeded in measuring of dissolution enthalpies for Н 2 Р and some of its coordination compounds in cyclohexane, which displays a predominantly universal type of solvation.
Enthalpy characteristics of these solution processes ) of the studied compounds in comparison with the available literature data for Н 2 ТРР and some [МТРР] are collected in Tables 5 and 6 . As can be seen the solvation processes of H 2 Р and [М II Р] in chloroform, pyridine, and benzene are more exothermic that that for the unsubstituted analogues. [4] It is evident that this phenomenon is induced by the increasing contributions from the universal solvation and weakening of molecular crystal lattice which are caused by the effects of alkyl substitution. [8, 15] The dissolution processes of H 2 Р and majority of [ The solvation contribution from π-π-stacking interactions H 2 Р -solvent that was estimated assuming that ΔtrН 0 from cyclohexane to benzene and pyridine is identical for the both aromatic solvents and equals -37.8 kJ/mol. Thereby, it is possible to conclude that in pyridine there is no donor-acceptor interactions of the nitrogen atom of Py and proton of the HN< groups of the macrocyclic ligand. It is in agreement with the findings of V.V. Aleksandriiskii and coworkers. [16] The comparison of results with the data obtained for H 2 ТРР, which forms pyridinium salts, allows to conclude that the observed effect may be associated with the decrease of acidity of the H 2 Р ligand due to the +I-electronic effects of the alkyl substituents. [9, 17] It was found that exothermicity of the transfer processes of compounds from cyclohexane to chloroform is higher than that from cyclohexane to benzene. This can be attributed to the two reasons: 1) improvement of the solvation conditions due to the growth of a polarity and dielectric constant of the solvent; 2) contribution from the donor-acceptor (≥N⋅⋅⋅HCCl 3 ) interactions. The latter is strongly displayed in the case of Solvation of Tetrakis(3,5-di-tert-butylphenyl)porphines H 2 P, [5] that is common for the synthetic ligands (including Н 2 ТРР) and especially for the natural porphyrins. [18] In the case of [МР] the contribution from such interactions to the total solvation can increase by even a weak distortion of the planar structure of the coordination center (N 4 ) caused by the steric effect of the bulky tert-butyl substituents.
On the basis of the data presented in Table 5 Table 6 we present the values of axial coordination enthalpies for the investigated metalloporphyrinates and their analogues which were calculated using the transfer enthalpies from benzene and were termed as (Δa.c.Н values the capability of [МР] to axial coordination grows up in the following sequence:
It is easy to see from the comparison of the rows (II) and (III) that discrepancies in their sequence are strikingly disclosed for compounds which are susceptible to specific molecular π-π-complex forming with benzene. The reason of mismatches is that the value of Δa.c.Н 0 st, C 6 H 12 in such cases along with a contribution from axial coordination takes into account the compensation energy contribution from the specific solvation of metalloporphyrins by benzene. for given complexes (row III).
Conclusions
Thus, due to a higher solubility of the studied compounds we were able to use cyclohexane [19] as a standard solvent, which allowed us to identify the ability of [CuP] and [AgP] complexes to the additional coordination of pyridine molecules. This ability would be impossible to discover using the data obtained from analysis of Δа.с.Н 0 st.benzene values. Nevertheless, we would like to underline that in the case of low solubility of porphyrins in aliphatic solvents for the reliable understanding it would be rational to combine the calorimetric data analysis with thermogravimetric and/or X-ray structure analysis of crystal solvates.
